The Fourier Transform Infrared spectra of crystallized phenoxyacetic acid and p-chloro derivative have been recorded in the region 4000-400 cm -1 . The geometry was calculated by Hartree-Fock (HF), Density Functional Theory (B3LYP) and Moller Plesset(MP2) Perturbation theory invoking 6-311++g(d,p) basis set. The harmonic vibrational frequency and, infrared intensities have been investigated with the help of B3LYP methods. The scaled theoretical wavenumbers showed very good agreement with the experimental values. The thermodynamic functions of the title compounds were also performed at B3LYP/6-311++g(d,p) level of theory. A detailed interpretation of the infrared spectra of Phenoxyacetic acid and p-chloro derivative of Phenoxy acetic acid have been reported.
INTRODUCTION
Aryloxyacetic acid are interesting to study by various chemical and physical methods. Phenoxyacetic acid is one of the best known aryloxyacetic acid, which is useful in the treatment of insulin resistance and hyperglycemia which has been investigated by various researchers [1] [2] . Phenoxyacetic acid and substituted phenoxyacetic acids have potential biological properties. These acids are widely used in herbicides 3 and pesticide 4 formulations. Recently phenoxyacetic acid invoke much interest among the spectroscopists owing to their novel bioactivity such as anticancer, antitumour; anti-inflammatory 5 , antimicrobial, plant
Vibrational spectroscopy is a valuable tool for the elucidation of molecular structure 8 . It also provides important information about the intermolecular forces acting between the atoms in a molecule. The vibrational and rotational energies of molecules can be studied by IR and Raman spectroscopy 9, 10 . The advent of fast computer along with sophisticated computational methods make the task of solving various structural chemical problem a simple. Ab initio DFT computations have recently become an efficient tool in the prediction of molecular structures, harmonic force fields, vibrational frequencies and IR spectral properties of biological compounds 11, 14 . The calculation of vibrational frequency using DFT provides a promising cost effective approch for calculating vibrational spectra of large molecules. In the recent studies, the harmonic vibrational frequencies for a large number of small and well-studied organic molecules were computed with HF and DFT methods [15] [16] [17] [18] .
Many researches have been done on the vibrational analysis of phenols 19 . However, for phenoxyacetic acid and p-chloro derivative of phenoxyacetic acid, such a kind of work are limited. Only IR spectral assignments and normal coordinate analysis has been carried out for some phenoxyacetic acid [20] [21] [22] [23] . The molecular and crystal strucrure of phenoxyacetic acid and p-chloro phenoy acetic acid were reported by Colin H.L.Kennard 24 and by Vijaykumar and Rao 25 . Karthikeyan and Saravanan 26 reported tentative Raman spectral assignments of phenoxyacetic acid and chlorine substituted phenoxy acetic acid with the aid of ab initio calculation HF/3-21G(d) basis set, however some of its assignments was ambiguous. Ab initio HF and DFT calculation of pchlorophenoxy acetic acid was done by N.Sunaraganeshan and B.Karthikeyan 27 but no MP2 calculation was done. For phenoxy acetic acid neither MP2 nor DFT calculation have been reported. Therefore, the present investigation was undertaken to study the vibrational spectra of phenoxyacetic acid and p-chloro derivative. MP2, ab initio HF and density functional theory calculations have been performed to predict molecular structure of phenoxyacetic acid and pchloro derivative.
MATERIALS AND METHODS
Phenoxyacetic acid was prepared by using slightly modified method of Koelsch 28 . The same procedure was followed for substituted phenoxy acetic acid i.e. p-chlorophenoxy acetic acid by using corresponding substituted phenols. Both the compounds i.e. phenoxyacetic acid and p-chloro derivative were recrystallized using water as a solvent.
Computational details
Gaussian 09 package was used for calculating theoretical vibrational frequencies 29 . Density functional theory 30 with the three-parameter hybrid functional (B3) 31 for the exchange part and Lee-yang Parr [LYP] correlation function 32 was used for the computation of molecular structure, vibrational frequency and energies of optimized structure. The atom numbering and the structure which was used for the input was given in Fig. 1 . The bond lengths and bond angles wera taken from the X-ray crystal studies [33] [34] [35] . This structure was optimized (Cs) point group using Hartree-Fock, B3LYP and MP2 levels, adopting the standard 6-311++g(d,p) basis set. Raw frequency values computed at B3LYP level contain known systematic error due to the neglect of electron correlation, resulting in overestimation of about 10-12%. Therefore, the obtained frequencies were scaled by an empirical factor 0.98 27 .
RESULTS AND DISCUSSION

Optimized geometries
The optimized geometry of phenoxyacetic acid and p-chloro derivative are calculated by ab initio HF, DFT and MP2 levels with the 6-311++g(d,p) basis set. The molecular conformation and numbering are illustrated in Fig. 2 . and bond lengths and angles for phenoxyacetic acid and p-chloro derivative are given in Table 1 As there are three rotomers around C3-O12, O12-C13 and around C13-C16, the molecule can exist a variety of confirmations. In all the computations the carbon atom skeleton of benzene moiety and oxyacetic acid both were found to be planar. A general observation from comparing the calculated and available X-ray structural parameter is that the most of HF bond lengths are slightly shorter than the experimental data. This may be the result of the neglect of electron correlation by HF theory.
As we can see most of the MP2 and B3LYP bond lengths and angles match with the experimental data, the best agreement between 
Vibrational spectral assignments
In the present study the vibrational assignments are based on the scaled B3LYP/6-311++G(d,p) frequencies, infrared intensities, as well as characteristic "group frequencies" from similar molecules. The 51 normal modes of phenoxyacetic acid and p-chloro derivative of phenoxyacetic acid are distributed amongst t h e s y m m e t r y s p e c i e s a t Γ 3N-6 = 3 5 A ' ( i n plane)+16A"(out of plane) in agreement with C s s y m m e t r y. T h e d e t a i l e d v i b ra t i o n a l assignment of fundamental modes of phenoxy a c e t i c a c i d a n d p -c h l o r o d e r i v a t i v e o f p h e n o x y a c e t i c a c i d a l o n g w i t h t h e experimental and calculated frequencies, IR intensities and normal mode description are reported in Table 3 -4. For visual comparison the experimental and calculated FT-IR spectra of phenoxyacetic acid and p-chloro derivative of phenoxyacetic acid are presented in Fig. 1 -2 respectively. Comparison of the frequency calculated at B3LYP with experimental value reveals the overestimation of the calculated vibrational modes due to neglect of anharmonicity in real system. It is customary to scale down the 
In the present study the vibrational assignments are based on the scaled B3LYP/6-311++G(d,p) frequencies, infrared intensities, as well as characteristic "group frequencies" from similar molecules. The 51 normal modes of phenoxy acetic acid and p-chloro derivative of phenoxy acetic acid are distributed amongst the symmetry species at Γ 3N-6 =35A'(in plane)+16A"(out of plane) in agreement with Cs symmetry. The detailed vibrational assignment of fundamental modes of phenoxyacetic acid and p-chloro derivative of phenoxyacetic acid along with the experimental and calculated frequencies, IR intensities and normal mode description are reported in Table 3 -4. For visual comparison the experimental and calculated FT-IR spectra of phenoxyacetic acid and p-chloro derivative of phenoxyacetic acid are presented in Fig. 1-2 respectively. Comparison of the frequency calculated at B3LYP with experimental value reveals the overestimation of the calculated vibrational modes due to neglect of anharmonicity in real system. It is customary to scale down the calculated harmonic frequencies in order to improve the agreement with the experimental.
Carboxylic acid vibrations
Vibrational assignments of -COOH group is significant because the herbicidal activity of the title compound is mainly due to either the presence of this moiety or a group that is easily converted to it [37] [38] . Vibrational analysis of carboxylic acid is made on the basis of carbonyl group and hydroxyl group both.
The -OH stretching band is characterised by very broad band appearing in the region 3700-3500 cm -1 . Accordingly, in the present study, the broad FT-IR bands at 3688cm -1 has been assigned to -OH stretching vibration for phenoxyacetic acid and 3664cm -1 for p-chloro derivative of phenoxyacetic acid. However the calculated wavenumber shows positive deviation of ~190 cm -1 for phenoxyacetic acid and 158cm -1 for p-chloro derivative of phenoxyacetic acid may be due to presence of strong hydrogen bonding. Carbonyl absorption are sensitive and both the carbon and oxygen atoms of the carbonyl group move during the vibration and they have nearly equal amplitude. Normally carbonyl group vibrations [39] [40] occur with strong intensity in the region 1740-1660cm -1 .The phenoxyacetic acid and 1751cm -1 for p-chloro derivative respectively with strong intensity also coincides with experimental observation. The inplane and out-of-plane bending vibrations have also 
C-C vibrations
The C-C aromatic stretch known as semicircle stretching predicted at 1591, 1576, 1487cm-1 for phenoxyacetic acid and 1592, 1568, 1494cm-1 for p-chloro derivative were in excellent agreement with experimentally observed FT-IR values at 1580, 1564, 1478cm -1 and 1590, 1572, 1484cm -1 for phenoxyacetic acid and p-chloro derivative of phenoxyacetic acid respectively. The C-C-C in plane bending modes are attributed to 782 and 615cm -1 for phenoxyacetic acid and 824 and 633cm -1 for p-chloro derivative respectively. The C-C-C out of plane bending vibrations for phenoxyacetic acid are attributed to 506 and 421cm 
C-H vibration
The region 3100-3000cm
is the characteristic region for the ready identification of C-H stretching vibrations 41 . In this region, the bands are not affected appreciably by the nature of substituents. There is a broad absorption band in the region 2500-3000cm -1 upon which the C-H stretching frequencies are superimposed. Hence the FT-IR bands at 3028cm -1 for phenoxyacetic acid and 3046cm-1 for p-chloro derivative have been designated to C-H stretching vibrations. 
OCH2 vibrations
For the assignments of CH2 group frequencies, basically six fundamentals can be associated to each CH2 group, namely, CH2: symmetric stretching; CH2: asymmetric stretching; CH2: scissoring and CH2: rocking which belong to in plane (A') species vibrations. In addition to that CH2 wagging and CH2 twisting modes of the CH2 group would be expected to be depolarized for out of plane(A") symmetry species.
A major coincidence of theoretical values with that of experimental evaluation is found in the symmetric and asymmetric stretching vibrations of methylene moiety. The antisymmetric CH2 stretching vibrations are generally observed in the region 3000-2900 cm-1 while the symmetric stretching will appear between 2900 and 2850 cm -1 42 
C-Cl vibrations
The vibrations belonging to the bond between the ring and the halogen atoms are worth to discuss here, since mixing of several vibrations are possible due to the lowering of the molecular symmetry and the presence of heavy atoms on the periphery of the molecule 43 .
The assignment of C-Cl stretching and deformation vibrations have been made by comparison with similar molecules, p-bromophenol 42 and halogen substituted benzene derivatives 43 . The C-Cl stretching vibration of substituted phenoxyacetic acids were observed around at 720 cm -1 19 . The FT-IR band at 658 cm -1 in p-chloro derivative of phenoxyacetic acid assigned to C-Cl stretching vibration. The theoretical wavenumber of C-Cl stretching vibration at 668 cm -1 coincide very well with experimental values. The C-Cl in plane bending and out of plane bending vibration are assigned at 355 cm -1 and 324 cm -1 . These assignments are in agreement with literature data [44] [45] [46] [47] [48] .
CONCLUSION
We have carried out density and ab initio calculations on the structure and vibrational spectrum of phenoxyacetic acid and p-chloro derivative. Comparison between the calculated and experimental structural parameters indicate that MP2 method is in good agreement with experimentl ones. Vibrational frequencies and infrared intensities calculated by B3LYP/6-311++G(d,p) method agree very well with experimental results.
On the basis of agreement between the calculated and observed results, assignments of fundamental vibrational modes of phenoxyacetic acid and pchloro derivative were examined. The assignments made higher basis set with only reasonable deviations from the experimental values, seems to be correct. This study demonstrate that scaled DFT/ B3LYP calculations are powerful approach for understanding the vibrational spectra of medium sized organic compound.
